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1. Introduction 
Heterogeneous photocatalysts offer great potential for environmental remediations and for converting photon 
energy into chemical energy [1]. Typical examples are the photoc剖alytic decomposition of organic contaminants and 
water spli抗ingusing Ti02 or SrTi03-based photocatalysts [2,3]. Unfortunately, the band gap of Ti02 or SrTi03 islarger 
than 3.0 eV, which means it can show activity only under UV irradiation, so a great deal of effort has been devoted to 
developing visible-active Ti02 or SrTi03 photocatalysts. Anions doping with N or transition metal cation doping with 
Cr is commonly used to function Ti02 or SrTi03 as a visible light photocatalyst. However, these modified Ti02 or 
SrTi03 show litle decomposition activity in the night or in the darkroom after tuming off light; furthermore, the 
utilization efficiencies of light energy are stil very low due to complicated factors. Therefore, the development of 
efficient visible-light-active photocatalysts has been an urgent issue 企om the viewpoint of using solar energy. One 
promising system is the coupled semiconductor, in which the composite material absorbs/store light energy and charge 
transfers could be carried out on the surface of the photocatalyst. 
Therefore, in this thesis, a systematic study was carried out on the eye-visible persistent fluorescence assisted 
composite photocatalysts, using well-known visible light responsive photocatalysts, such as Ti02-xNy, modified SrTi03 
and Ag3P04・ The further enhancement in photoc瓜alytic performances of Ti02・xNy， modified SrTi03 and Ag3P04 under 
both visible light illumination and in the darkroom after tuming offlight is the aim ofthis sωdy. 
The concept of this research is to s戸lthesize Ti02-xNy, modified SrTi03, and Ag3P04 based composite 
photocatalysts possessing high utilization efficiency of light energy by coup1ing with long afterglow phosphors. In other 
words, the photoresponse ability of prim田y particles of TiOμNy， SrTi03 and Ag3P04 (phase structure, band gap 
structure, and so on) and the addition of secondary particles of long a白erglowphosphors (luminescent property, adding 
amount, and so on) were controlled step by step, to enhance the photocatalytic activity of visible-1ight-driven 
photocatalyst for environmental purific剖ionunder both light irradiation and in the darkroom after tuming 0百 light.
2. Synthesis and characteristics of Ti02-xNy-based composite photocatalyst 
The influence of different factors, such as phase structure and microstructure on the properties and photocatalytic 
activities of Ti02_xNy-based composite photocatalysts was studied. Two systems with gaseous pollutants, decomposition 
of NO in a continuous flow system (deNOx), and decomposition of CH3CHO in a sealed fixed system, were employed 
for the photocatalytic activity evaluation of Ti02_xNy-based composite photocatalysts. Titanium trichloride and 
hexamethylenetetramine (HMT) were used as raw materials for the solvothermal synthesis of Ti02-xNy, where the HMT 
played an important role as both the precipitant and the nitrogen source. The aluminate long afterglow phosphor, 
especially CaAh04:(Eu,Nd) with over 10 hr persistent luminescence (440 nm), was used as an eye-visible fluorescence 
assistance for coupling with Ti02_xNy by mild planetary ball milling treatment. The results revealed that by a1tering the 
adding amount of long afterglow phosphors andlor the modification to Ti02-xNy, the best combination could be obtained, 
and thus the Ti02・xNywith the crystalline phases ofbrookite and 60 wt.% ofCaAh04:(Eu,Nd) could be selected to form 
the high efficient fluorescence assisted composite photocatalyst. 
??
1n the decomposition of NO in a continuous flow system, Ti02_xNy nanop訂ticles with different phase of anatase, 
rutile or brookite coupled with CaAb04:(Eu,Nd) showed high photocatalytic activities under light irradiation as shown 
in Fig_ I(A-B)_ The persistent catalytic degradation of NO by Ti02_xNy in the darkroom after turning off light was 
realized in the presence of CaAb04:(Eu, Nd), which shows a long afterglow luminescence_ The persistent 
photocatalytic property of fluorescence assisted brookite type Ti02-xNy was superior to those of anatase and rutile phase 
one-based composite photocatalysts, while undoped Ti02 P25 based composites lost its activity immediately after 
turning offlight due to the low absorption ofvisible light 
On the other hand, in the decomposition of CH3CHO in a sealed fixed system, owing to the assistance of persistent 
fluorescence emitting 仕om di任erent long afterglow phosphors, Ti02_xNy could convert CH3CHO to CO2 successfully 
even without any irradiation light, as shown in Fig. 1(C). The fluorescence with the wavelength of 440 nm emitted 企om
CaAb04:(Eu,Nd) was the most powerfullight source for photocatalytic reaction in the present systems, because it could 
be most easily absorbed by photocatalysts. 1n addition, undoped Ti02 P25 coupled with CaAb04:(Eu,Nd) could not 
decompose CH3CHO in the absence of irradiation light 
同 ????????M川
J
NO
N
4
M川
'
u
コ
luu
コ
uN
??
?
，、
y
，
，t2
，‘
T
，
，
E
町
、A4
0ハ閣凡
mA
幅
Oハザ山
凶前副お州制副胸C
創
CPC
回
C
刊
In dar1< 田
，/〆〆I否η剖 J (C) CaAI ,O‘ (Eu Nd) (a) 
.>l 
d Ti02 開N: J 、
制
Irrad iat胞の
調
建
主宣叱
02@
凸
却 調 岨 同 120 180 240 
Ti町、e Jmin TIme/rr‘n Time/min 
Fig. 1. DeNOx ability of the composites consisted of 40 wt.% of Ti02-xNy or P25 and 60 wt.% of CaAb04:(Eu,Nd) 
under (A) solar light irradiation of69.7 W/m2, followed by (B) turning offlight The inset shows the result in dark 合om
40 to 100 min. Time dependent CO2 concentration during the persistent fluorescence assisted photocatalytic degradation 
of CH3CHO by Ti02_xNy or P25 coupled with 60 wt_ % of long afterglow phosphors. 
3. Synthesis and characteristics of SrTi03・based composite photocatalyst 
The influence of modification on 出e property and photocatalytic activity of SrTi03 was investigated by using Cr3+ and 
oxygen vacancy doping and Fe203 deposition. By a microwave-assisted hydrothermal method, nanoparticles of SrTi03 
doped with Cr were synthesized using SrCb, Ti(OC3H7)4, and Cr(N03h as raw materials. Oxygen vacancy doped 
SrTi03 powders were synthesized by a nonstoichiometric Sr and Ti, in which the SrlTi atomic ratio was adjusted to 1.67. 
1n addition, FeCh4H20 w出 added into the reaction solution, and the hydrothermal reaction was repeated again at 
2000C for 30 min to form SrTi03IFe203 ・ The obtained SrTi03 showed small crystallite sizes around 50 nm, and no 
change in crystalline phases, regardless ofthe doped Cr, oxygen vacancy, or deposited Fe203. AII the modification could 
enhance the visible light absorption but showed litle influence on the specific surface areas. Furthermore, these 
modified SrTi03 were coupled with CaAb04:(Eu,Nd) to form the fluorescence assisted composite photocatalysts. 
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Fig. 2. Photocatal戸ic deNOx performances of (A) Cr or oxygen vacancy doped SrTi03 under various LED lamps 
irradiation, and (B-C) SrTi03-based composites consisted of 50 wt.% CaAb04:(Eu,Nd) during UV light irradiation 
(入>290 nm) for 30 min and in the darkroom after tuming offthe light for 160 min. 
Extremely di任erent photocatalytic activities for NO removal were observed over Cr-doped SrTi03 and 
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nonstoichiometric SrTi03 (Sr/Ti= 1.67) because of the different roles of modification of the band structure in these two 
materials. Under irradiation ofhigh-intensity light, the oxygen vacancy states showed superiority in the enhancement of 
photocatalytic deNOx ability. However, the foreign electrons excited from doping state resulted in the efficient 
decomposition of NO with irradiation of low-intensity light, as shown in Fig. 2(A-B). On the other hand, due to the 
interfacial charge transfer from the valence band (VB) of SrTi03 to Fe203 to enable the visible light absorption, the 
continuously f10wing NO could be efficiently degraded by the CaAb04:(Eu, Nd)/(SrTi03IFe203) composite not only 
under merc凶yarc irradiation but also in the dark with the assistance ofCaAb04:(Eu,Nd), as shown in Fig. 2(C). 
4. Synthesis and characteristics of Ag3P04・based composite photocatalyst 
The degradation of RhB dyes in the dark by Sr4Ah402s:(Eu,Dy) assisted Ag3P04 composite photocatalysts after 
同ming off the irradiation light has been demonstrated. Moreover, studies of their photocatalytic performance have 
indicated that the Sr4Ah402s :(Eu,Dy)/Ag3P04 composite consisted of 50 wt.% Sr4Ah402s:(Eu,Dy) exhibited the highest 
catal戸icactivities for the degradation of RhB in the dark. This fundamental understanding shows that the photocatalysts 
coupled with a proper amount of long afterglow phosphors could continuously degrade organic contaminants even after 
tuming off the irradiation lamp, indicating the development of a full・time active highly efficient photocatalysts system. 
Fig. 3.Photocatalytic activities of the Ag3P04 based 
samples for the RhB degradation with the assistance of 
f1uorescence emitting 企om Sr4Ah402s:(Eu,Dy). The 
inset shows the photocatalytic activities of samples with 
different mass ratio for RhB decomposition after 10.5 h. 
(a) pure Ag3P04; (b・f) Sr4AI1402S:(Eu,Dy)/Ag3P04 
composite photocatalysts consisted of (b) 90, (c) 70, (d) 
50, (e) 30, (f) 10 wt.% of Sr4Al 140 2s :(Eu,Dy) prepared 
by the precipitation method. 
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5. Summary and conclusions 
In the present thesis, the enhancements in the utilization efficiencies of light energy on photocatalysts were 
accomplished based on a novel concept, in which the visible-light-driven photocatalytic activities of Ti02.xl'、~y， SrTi03, 
and Ag3P04 were modified via a step by step control 仕om atomic to composite's level and the persistent catalytic 
abilities after tuming off light were established by coupling with proper long afterglow phosphors. The results suggested 
the importance of element's status, crystalline phases and crystallinity in determining the photocatalytic activity of 
photocatalyst, which could a釘ect the result of light energy utilization. In order to expand the outstanding performance 
of Ag3P04 on waste-water purification, the coupling of Ag3P04 with long afterglow phosphors, which provide 
luminescence in the dark, such as Sr4AI1402S:(Eu,Dy), was proved to be an easy and e任ective approach. 
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論文審査結果の要旨
クリーンで無尽蔵な太陽エネルギーを利用するう愉蚊菜反応は、持続可能な社会システムの構築に貢献する非化石
エネルギーフ。ロセスとして注目されており、セルフクリーニング、脱臭、抗菌、防曇等の分野で既に実用化され、
さらに環境浄化への利用が期待されている。現在利用されている酸化チタンう間虫媒は約 3 eV の比較的大きなバン
ドギャップエネルギーを有し、太陽光や室内灯にわずかに含まれる紫外光しカ弄リ用できず、消灯後は全く作動しな
し、。
本研究は、可視光吸収能を付与した酸化チタン、チタン酸ストロンチウムおよびリン麟艮の高結晶化度ナノ粒子
をソルボ、サーマル同志により合成し、長残光蛍光体と複合することで、消灯後も作動するフルタイム稼働型主協蚊某
システムを創生し、環境浄化特性lこっして系統的に調べた研究であり、封肩5章よりなる。
第 1 章は緒論であり、湖蝶反問鱗、う間的某の高活性化法、可視光応答性湖蚊菜、長残光蛍光体などに関する
過去の研究を網羅し、その特徴を述べ、また、重要ながら対卒明な事頁を列挙し、その上で、本研究の目指す方向
とその概要を述べている。
第2章では、ソルボ、サーマル閃芯により窒素ドーフ。酸化チタンナノ粒子や酸化側担持窒素ドーフ。酸化チタンを合
成し、種々の長残光蛍光体と複合し、窒素酸化物とアセトアルデヒドの分解により環境浄化湖蜘舌性につして詳
細に検討し、可視光応4針生窒素ドープ酸化チタンうt触媒と長残光蛍光体の複合化により、消灯後も作動可能なフル
タイム稼働型うも角虫媒システムの構築が可能であり、特に短波長の蛍光を発生する長残光蛍光体との複合が有効であ
ることを明らかにしている。また、窒素ドーフ。酸化チタンから酸化鉄への電子移動を利用した電子正孔時吉合の
抑制により、う愉蚊尉舌性を著しく向上できることを見出している。
第3章では、クロムドープ柑嫁欠損の導入により可視光応答性を付与したチタン酸ストロンチウム湖搬を合
成し、酸化鉄およひ浸残光蛍光体と複合することで、窒素ドーフ酸化チタンと同様のフルタイム稼働型う悦蚊築シス
テムの構築が可能であることを芳正している。
第4章では、ソルボ、サーマル周芯により可視光応答性を有するリン酸銀のナノ粒子を合成し、長残光蛍光体と複
合することで、色素等の有税制掬の酸化分解に対し窒素ドーフ。酸化チタンを用いるシステムより優れた活性を有する
フルタイム稼働型う間蚊葉システムを創生できることを明らかにしている。
第5章は結論であり、各章の結言を歎守している。
以上、要するに本論文は、クリーンで無尽蔵な太陽エネルギーを利用する環境浄化う悦搬の開発を目的として、
種々の可視光応答性剤蝶の合成法を開発するとともに、長残光蛍光体と複合し、う間蚊知性に及ぼす諸因子の影
響について系統的に調べ、夜間や消灯後も作動可能な全く新しし、フルタイム稼働型ぅt触媒システムを創生した研究
であり、環掛ヰ学、物質科学の分野の発展に寄与するところ少なくない。
よって，材命文同専士(学術の学位論文として合格と認める。
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